cancer, cardio and cerebrovascular diseases. [2] Litsea is one of the most diverse genera of evergreen trees or shrubs belong to family Lauraceae. Plants belong to Litsea genus exhibit a variety of biological activities, including antimicrobial, hypothermic and anti-tumor activities. [3] It has been reported the aphrodisiac activity of ethanolic extract of the bark of Litsea chinensis. [4] The methanolic extract of Litsea cubeba and its fractions showed remarkable antioxidant activity in comparison with vitamin E and ascorbic acid. [5] The leaves of Litsea decanensis are used as folk medicine for chest pain by tribal people in Andhra Pradesh state, India. Previous study from our laboratory explained the presence of phytochemical constituents present in Litsea decanensis and confirmed the presence of phenolic compounds. [6] The GC--MS analysis and in vitro antioxidant activity of Litsea decanensis stimulated us to study the pharmacological efficacy of this plant against cardiovascular diseases.
Cardiovascular disease (CVD) is a major global health problem, reaching epidemic proportions in the Indian subcontinent. [7] The majority of cardiovascular events such as myocardial infarction (MI) arise from individuals with unpretentious elevation of many etiological factors. [8] Myocardial infarction (MI) is one of the leading causes of morbidity and mortality worldwide. MI occurs due to imbalance between myocardial blood supply and demand resulting in development of ischemia followed by necrosis. [9] Reactive oxygen species (ROS) play an important role in oxidative stress and related myocardial damage. ROS-induced lipid peroxidation influence cardiac cell injury and affect the membrane integrity of cardio myocyte. Hyperlipidemia and hypertriglyceridemia have also been among the major reasons for the pathogenesis of MI. The current knowledge on the pathophysiology of MI stimulated the therapeutic intervention to reduce the risk of MI.
Isoproterenol [1-(3,4-dihydroxyphenyl)-2-isopropyl amino ethanol hydrochloride] (ISO) is a synthetic catecholamine and β-adrenergic agonist. The excess amount of ISO produces free radicals through its metabolites which are responsible for oxidative stress, and cardiac damage. The rat model of ISO-induced MI serves as a standard model to estimate the effect of cardio protective drugs in preclinical study and show many metabolic and morphologic alterations in the heart tissue of the experimental animals similar to those observed in human MI. [10] 
MATERIALS AND METHODS

Plant collection and extraction
Litsea decanensis was collected during the month of January from the forest regions of Chittoor district in Andhra Pradesh. The plant material was authenticated by Dr. Madava Chetty, Asst. Professor, Department of Botany, Sri Venkateshwara University, Tirupathi. A voucher specimen has been deposited in the Department of Pharmacognosy, Jayamukhi College of Pharmacy (Herbarium No.: 2-2010/Ph/JCP). The leaves were manually separated and dried at room temperature for 72 h then ground to a granulated powder using a grinder. The powdered leaves were extracted in a soxhlet extractor with petroleum ether (60°C for 8 h) and defatted leaves powder was re-extracted in a soxhlet apparatus for 72 h with methanol at 60°C. The methanolic extract of Litsea deccanensis (MELD) was allowed to dry and powdered.
Chemicals
Gallic acid and Isoproterenol were purchased from Sigma Chemical Co., St. Louis, MO, USA, Ascorbic acid, FolinCiocalteu reagent, 2,3,5-triphenyltetrazolium chloride, and rutin were purchased from Merck chemicals, India. All the other chemicals used were of the analytical grade.
Determination of total phenolic content
The content of total phenolic compound in MELD was determined by the method of Folin-Ciocalteu, 1927. [11] All determinations were performed in triplicate. Total content of phenolic compounds of MELD in Gallic acid equivalents (GAE) was calculated by the following: C = cV/m, where C is the total content of phenolic compounds, mg/g MELD, in GAE; c is the concentration of gallic acid established from the calibration curve, mg/ml; V is the volume of MELD, ml; and m is the weight of MELD, g.
Total flavonoid content
The content of flavonoids was determined according to colorimetric method as described by Zou et al. [12] In brief, 0.5 ml of sample solution (MELD) was mixed with 2 ml of distilled water and subsequently with 0.15 ml of 5% NaNO 2 solution. After 6 min of incubation, 0.15 ml of 10% AlCl 3 solution was added and then allowed to stand for 6 min, followed by adding 2 ml of 4% NaOH solution to the mixture. Immediately water was added to the sample to bring for another 15 min. The mixture absorbance was determined at wavelength 510 nm. The total flavonoid content was expressed in milligrams of rutin equivalents per gram of MELD. The amount of flavonoids in MELD in rutin equivalents (RE) was calculated by following formula: X = (Am o 10)/A o m, where X is flavonoid content, mg/g MELD in RE; A is the absorption of MELD, m o is the weight of rutin in the solution, g; A o is the absorption of standard rutin solution; m is the weight of MELD in g.
Determination of free radical scavenging activity by 2,2-diphenyl-1-picryl-hydrazyl
The free radical scavenging activities of various concentrations of MELD were measured in vitro by diphenyl-1-picryl-hydrazyl (DPPH) free radical scavenging assay. [13] The percentage scavenging of the sample was calculated according to the equation: %Scavenging = (A C -A S /A C ) ×100, where, A C is the absorbance of control, A S is the absorbance of sample, ascorbic acid, gallic acid, and used as control.
Reducing power assay
The total reducing power of MELD was determined according to method Oyaizu, 1986 . [14] Higher absorbance of the reaction mixture indicated greater reducing power.
Experimental animals
All the experiments were carried out with male albino Wistar rats (Rattus norvegicus) weighing 180--200 g, purchased from Mahaveer Enterprises, Hyderabad, India. They were housed in polypropylene cages (47 cm × 34 cm × 20 cm) lined with husk, renewed every 24 h under a 12 h light/dark cycle at 22 ± 5 °C with 50% humidity. The animals were allowed to adapt to the new housing environment for 10 days before the experiment. They were provided with standard food pellets and water. All animal experiments were performed according to the guidelines of Committee for Purpose of Control and Supervision of Experiments on Animals (CPCSEA), New Delhi, India, approved by Institutional Animal Ethical Committee of Jayamukhi College of Pharmacy (Approval no: 17, date 12-06-2010).
Acute toxicity studies
For acute toxicity studies, rats were divided into six groups of three animals in each group. MELD was dissolved in an appropriate volume of normal saline was administered orally at doses of 100, 200, 500, 1000, and 2000 mg/kg body weight/day for a period of 30 days. Same volume of normal saline without MELD was given to control group of animals. Morphological, behavioral, and toxic symptoms of the animals were also observed for 24, 48, and 72 h and the animals were weighed biweekly for the whole treatment period for delayed toxicity. MELD showed no lethal effect up to dose of 2000 mg/kg weight, indicating that LD 50 if any should be higher than this dose. MELD was found to be safe at all the doses. Hence, 1/10 th and 1/20 th of the maximum safe dose corresponding to 200 and 100 mg/ kg orally were selected as high and low dose, respectively.
Induction of myocardial infarction
ISO was dissolved in normal saline and injected to rats (100 mg/kg) at an interval of 24 h for 2 days to induce experimental myocardial infarction. [15] Animals were sacrificed 48 h after the first dose of ISO.
Experimental design
In our study, a total of 48 rats were used. They were divided into six groups of eight rats each. Two rats from each group were used for histological studies, i.e., 2,3,5-triphenyl tetrazolium chloride (TTC) staining technique and histopathological analysis. Remaining six animals in each group were used for biochemical analysis. Group I: normal control rats were given 2 ml of saline orally by gastric incubation daily for a period of 21 days; Group II: normal rats were treated with MELD (100 mg/ kg) in 2 ml of saline orally by gastric incubation daily for a period of 21 days; Group III: normal rats were treated with MELD (200 mg/kg) in 2 ml of saline orally by gastric incubation daily for a period of 21 days, Group IV: rats were subcutaneously injected with ISO (100 mg/kg) in 2 ml of saline once a day for 2 days (on 22nd and 23rd day); Group V: rats were pretreated with MELD (100 mg/ kg) in 2 ml of saline orally by gastric incubation daily for a period of 21 days and then subcutaneously injected with ISO (100 mg/kg) once a day for 2 days (on 22 nd and 23 rd day); Group VI: rats were pretreated with MELD (200 mg/kg) in 2 ml of saline orally by gastric incubation daily for a period of 21 days and then subcutaneously injected with ISO (100 mg/kg) once a day for 2 days (on 22nd and 23rd day). Twenty four hours after the second dose of ISO, rats of all the groups were anesthetized and sacrificed by cervical decapitation and blood was collected in two tubes, i.e., one with anticoagulant (ethylene diamine tetra acetic acid) for plasma separation, and another without anticoagulant for serum separation. Both the plasma and serum were separated from each sample and used for the biochemical analysis.
Biochemical parameters
The activities of creatine kinase (CK), criatine kinase-MB fraction (CK-MB) and lactate dehyrogenase (LDH) in the serum were determined by commercial diagnostic kits purchased from Accurex, Mumbai, India. The instructions from the manufacturer of the kits were followed. Thiobarbituric acid reactive substances (TBARS) in the plasma were measured by the method of Yagi. [16] Lipid hydroperoxides (LOOH) in the plasma was estimated by the method of Jiang et al. [17] Lipid profile Total cholesterol, high density lipoproteins (HDL) cholesterol, and triglycerides (TG) in the serum were measured by standard diagnostic kits (Accurex, Mumbai, India) according to the instruction given by the manufacturers. Very low density lipoproteins (VLDL) and low density lipoprotein (LDL) in the serum were calculated as per Friedewald et al. [18] The level of free fatty acids (FFA) in the serum was estimated by the method of Falholt et al., [19] and the level of phospholipids (PL) in the serum were estimated by the method of Zilversmit and Davis. [20] The activity of 3-hydroxy-3 methyl glutryl CoA (HMG CoA) reductase in the liver tissue homogenate was assayed by the method of Rao and Ramakrishnan. [21] Superoxide dismutase (SOD) activity in the plasma was assayed by the method of Kakkar et al. [22] The activity of catalase in the plasma was assayed by the method of Sinha.
[23]
Determination of myocardial infarction size by direct staining method
Myocardial infarction size was measured in the cardiac tissue by the method of Ojha et al. [24] The slices were photographed after TTC staining.
Histopathology
Myocardial tissue after removal was immediately fixed in 10% buffered neutral formalin solution. After fixation was complete, tissues were embedded in paraffin and serial sections were cut. Each section was stained with hematoxylin and eosin. The sections were examined under light microscope (45×) and photomicrographs were taken.
Statistical analysis
The results are expressed as mean ± S.D. from six rats in each group. Statistical comparison between group by one-way analysis of variance (ANOVA) and a group by group comparison was performed by Duncan's multiple range test (DMRT). Differences between the groups were considered statistically at P < 0.05.
RESULTS
Total phenolic and total flavonoid analysis
The total phenolic content and flavonoid content of MELD were measured in our study and found to be a notable concentration 0.2 mg/ml Gallic Acid equivalent and 2.26 mg/g of MELD in Rutin equivalents, respectively.
Reducing power assay
The reductive capabilities of MELD compared to rutin as shown in the Figure 1 . The reducing power of MELD was very potent and the reducing power was increased with increase in the concentration of MELD. The MELD could reduce the most Fe 3+ ions, which had a lesser reductive activity than the standard of rutin.
Free radical scavenging assay DPPH (1,1-diphenyl-2-picryl-hydrazil) is a stable free radical that accepts an electron or hydrogen radical to become a stable diamagnetic molecule. [25] Antioxidant activity of MELD studied by DPPH radical scavenging activity and the percentage scavenging activity increased with increase in the concentration of MELD [ Figure 2 ].
Effect of MELD on levels of cardiac markers
The activities of serum CK, CK-MB, and LDH in normal and experimental rats were studied. The ISO-induced rats showed significant (P < 0.05) increase in the activities of CK, CK-MB, and LDH in the serum, when compared to normal control rats. Oral pretreatment with MELD (100 mg/kg and 200 mg/kg) daily for a period of 21 days reduced the levels of these enzymes in the serum, when compared to ISO-induced myocardial infarcted rats [ Figure 3 ].
Effect of MELD on levels of TBARS and LOOH in heart
ISO-induced rats showed significant (P < 0.05) increase in the levels of plasma TBARS and LOOH, when compared to normal control rats. Oral pretreatment with MELD (100 mg/kg and 200 mg/kg) daily for a period of 21 days inhibited the levels of these enzymes in the plasma, when compared to ISO alone treated rats [ Figure 4 ].
Effect of MELD on levels of lipid profile
ISO-induced rats showed significant (P < 0.05) increase in the levels of total cholesterol, LDL, and VLDL. The decreased levels of HDL in the plasma were also observed.
Oral pretreatment with MELD (100 mg/kg and 200 mg/ kg) daily for a period of 21 days significantly reduced total cholesterol, LDL, VLDL, and increased HDL [ Figure 5 ].
Estimation of MELD on levels of TG, FFAs, PLs
Rats induced with ISO showed significant (P < 0.05) increase in the levels of TG, FFA, and PL in the serum, when compared to normal control rats. Oral pretreatment with MELD (100 mg/kg and 200 mg/kg) daily for a period of 21 days normalized the activities of these enzymes in the serum, when compared to ISO alone treated rats [ Figure 6 ].
Effect of MELD on HMG CoA reductase activity
ISO-induced rats showed significant (P < 0.05) increase in the activity of HMG CoA reductase in the liver tissue homogenate compared to normal control rats. Oral pretreatment with MELD (100 mg/kg and 200 mg/kg) daily for a period of 21 days reduced the activities of these enzymes in the serum compared to ISO-induced rat [ Figure 7 ].
Effect of MELD on antioxidant enzymes (SOD, catalase)
ISO-induced rats showed significant (P < 0.05) decrease in the activities of SOD, catalase in the plasma compared to normal control rats. This result reflects the diminished antioxidant enzymes. Oral pretreatment with MELD (100 mg/kg and 200 mg/kg) daily for a period of 21 days significantly increase the activities of these enzymes in the plasma, when compared to ISO alone treated rats [ Figure 8 ].
For all the biochemical parameters studied, pretreatment with MELD (100 mg/kg and 200 mg/kg) daily for a period of 21 days to the normal control rats did not show any significant effect. 
Quantification of myocardial infarct size
Detection of myocardial infarct size by direct staining method using 2,3,5-triphenyltetrazolium chloride (TTC) dye, which forms a red formazan precipitate with dehydrogenase of the viable myocardial tissue shows normal viable tissue with red color/dark spot. ISO-induced rats clearly showed the infarct region by pale yellow color/ bright spot. The oral pretreatment with MELD (100 mg/ kg, 200 mg/kg) markedly reduced the infarcted size in ISO-induced rats [ Figure 9 ].
Histopathology
The ISO-induced rats showed the evidence of myocardial necrosis, tissue damage, infiltration of inflammatory cells and hemorrhage. The rats received MELD (100 mg/kg and 200 mg/kg) as oral pretreatment showed decreased necrosis, less tissue damage and reduced infiltration of inflammatory cells, when compared to ISO-induced myocardial infarcted rats [ Figure 10 ]. The quantification of histological damage was mentioned in Table 1 .
DISCUSSION
The phytochemical analysis of MELD confirmed the presence of phenolic contents and particularly flavonoids. High phenolic compounds may cause the anti-oxidative activities of this plant. [26] The beneficial effect of polyphenols is associated with a multitude of biological activities, including antioxidant and free radical-scavenging properties, anti-platelet aggregation and inhibition of vascular smooth muscle cell proliferation. [27] Our study suggested that the presence of phenolic and flavonoid content and its free radical scavenging action of MELD.
Isoproterenol is a potent, nonselective β-receptor agonist. ISO metabolized by Catechol-O-methyl transferase, and excessive dose can produce cardiac ischemia, sympathetic hyper activation and leads to myocardial tissue damage. The metabolic products of ISO are responsible for the production of free radical and myocardial damage in ISOinduced rats. The myocardium is having abundance of enzymes and these enzymes serve as diagnostic marker for cardiovascular diseases. When myocardial cells are damaged, the cardiac membrane integrity will be affected and released these enzymes into the systemic circulation. The significant increase in the levels of cardiac markers in ISO-induced rats is an indication of the severity of necrotic damage in the myocardium induced by ISO. Oral pretreatment with MELD (100 mg/kg, 200 mg/kg) significantly (P < 0.05) reduced the levels of cardiac markers in the serum of ISOinduced rats, and it is indicating the membrane stabilizing effect of MELD.
Lipid peroxidation is an important pathogenic event that damage myocardial membrane. Increased lipid peroxidation is thought to be a consequence of oxidative stress which occurs when the dynamic balance between pro-oxidant and antioxidant mechanism is impaired. [28] The degree of lipid peroxidation in the normal and experimental was estimated by measuring TBARS, LOOH in normal and experimental rats. ISO-induced rats showed increased levels of lipid peroxidation products (TBARS and LOOH) in the plasma. Our results are in consistent with previous reports. [29] MELD pretreatment (100 mg/kg, 200 mg/kg) decreased the levels of TBARS, LOOH in ISO-induced rats. This anti-lipid peroxidation effect of MELD may be responsible for its membrane stabilizing effect.
Cardiovascular diseases are clearly associated with Dyslipidemia and dyslipoproteinemia. [30, 31] An altered lipid metabolism can alter the cardiac function by changing the properties of cardiac cell membrane and these changes may contribute to the cell death. We observed the increased levels of total cholesterol, LDL and VLDL and decreased level of HDL in the serum of ISO-induced rats. These changes in lipid levels might be due to enhanced lipid biosynthesis by cardiac cyclic adenosine monophosphate. High levels of LDL cholesterol show a positive correlation with myocardial infarction, whereas HDL cholesterol has a negative correlation. [32] The oral administration of MELD reduced the levels of LDL and increases the levels of HDL in ISO-induced rats. These results show its positive impact against dyslipidemia. Clinical trails support lipid lowering therapy to minimize the risk of cardiovascular diseases. Thus, MELD pretreatment can be considered to reduce the risk of cardiovascular diseases.
Hypertriglyceridemia is one of the major pathological conditions related to MI. We observed an increased level of TG in the serum of ISO-induced rats and it might be due to decreased activity of lipoprotein lipase, and decreased uptake of TG from the circulation. A significant increase in free fatty acid and phospholipids in the serum of ISO-induced rats were also observed. The breakdown of membrane phospholipids, by the free radicals produced by ISO metabolites, the increased peroxidation of membrane phospholipids by releases free fatty acids by the action of phospholipase A 2 are the reasons for increased phospholipids. [33] Oral pretreatment with MELD (100 mg/ kg and 200 mg/kg) significantly (P < 0.05) decreased the levels of phospholipids and free fatty acids in the serum of ISO-induced rats. The effect of MELD in the reduced levels of FFA and PL reflected its protective action against PL rich myocardial membrane. The findings are supporting its beneficial effect on lipid metabolism.
Most of drugs acting on dyslipidemia are the HMG CoA reductase inhibitors. HMG CoA reductase catalysis the conversion of HMG CoA to mevalonate and the inhibition of this conversion is the rate limiting step in cholesterol biosynthesis. Our results indicated that the pretreatment with MELD showed beneficial effect on dyslipidemia. Phytochemicals those showed beneficial effects on dyslipidemia have inhibited HMG CoA reductase in the animal models. [34, 35] We hypothesized that the inhibiting effect of MELD on dyslipidemia in the ISO-induced rats may be due to its inhibiting character on HMG CoA reductase. To confirm this action we studied the ability of MELD on HMG CoA/mevalonate ratio. HMG CoA reductase plays a major role in the regulation of cholesterol metabolism and a rate limiting enzyme in the pathway of cholesterol biosynthesis. [29] The significant increased in the activity of HMG CoA reductase in the liver of ISOinduced rats was observed by decrease ratio between HMG CoA and mevalonate. An increased HMG CoA reductase activity leads to excessive biosynthesis of cholesterol and accumulation of cholesterol in the cardiovascular system which may lead to atherosclerosis, myocardial necrosis and infarction. Pretreatment with MELD (100 mg/kg, 200 mg/kg) significantly reduced the activity of HMG CoA reductase in ISO-induced rats and indicated by significantly increased ratio of HMG CoA and mevalonate. This might be one of the reasons for the beneficial effect of MELD on lipid and lipoprotein metabolism.
The supramaximal dose of ISO produce free radicals and generation of ROS affect the balance between cellular antioxidant defense and free radicals. Antiperoxidative enzymes such as SOD and catalase are the first line cellular defense antioxidant enzymes against oxidative stress. We observed decrease in the activities of SOD and catalase in ISO-induced rats. The enhanced lipid peroxidation and increased generation of ROS such as superoxides and hydrogen peroxides. These free radicals utilized the endogenous antioxidant enzymes SOD and catalase and make the myocardium more susceptible for further free radical attack. Oral pretreatment with MELD (100 mg/kg, 200 mg/kg) increased the levels of SOD, catalase in the heart tissue and demonstrate its antioxidant effect.
TTC is a redox indicator commonly used in biochemical experiments to differentiate between metabolically active and inactive cells and tissues. The presence of electron donor NADH favors oxidation of TTC into 1,3,5-triphenylformazan TPF. In the cell death, the NADH decreases and prevents the oxidation of TTC to TPF. [36] The presence of NADH and dehydrogenase enzymes (i.e., succinate dehydrogenase and lactate dehydrogenates) will convert the TTC in to TPF which shows red color spots in viable myocardial tissue. In the present study we observed an increased infarct size which is indicated by a clear bright/ yellow color spot in the heart slices of ISO-induced rats. The utilization of NADH by the free radicals produced by ISO and leakage of dehydrogenase enzymes from the damaged myocardial cells are the possible mechanisms that might prevented the conversion of TTC in to TPF. This may be the reason for the colorless bright spot in ISOinduced rat heart and reflects the presence of non viable cells. This finding was also supported by the increased levels of LDH in the serum of ISO-induced rats, where LDH might release out from the myocardium. Oral pretreatment with MELD (100 mg/kg, 200 mg/kg) markedly reduce the infarcted size in ISO-induced rats. The antioxidant and membrane stabilizing activity of MELD could be the possible reason for reduction in the myocardial infarct size.
To further confirm the beneficial effect of MELD, histopathological study was performed on normal and experimental animals. The results showed a better insight of cardio protective effect of MELD. The normal heart showed no change in the architecture of myocardial tissue. The rats pretreated with MELD (100 mg/kg, 200 mg/ kg) also showed the similar architecture as normal heart. The ISO-induced rats showed the evidence of myocardial necrosis, tissue damage, infiltration of inflammatory cells and hemorrhage. The rats received MELD (100 mg/kg) as oral pretreatment showed decreased necrosis, less tissue damage and reduced infiltration of inflammatory cells. The rats pretreated with MELD (200 mg/kg) further reduced the pathological changes and brings back the cellular architecture almost similar to the normal.
The reducing power and free radical scavenging activity of MELD were studied to confirm the mechanism action of MELD in vitro showed better reducing power than the standard compound rutin. The in vitro study results confirmed the possible antioxidant activity by MELD.
In conclusion, our results of the present study indicate that the oral pretreatment with MELD reduced the cardiac marker levels in the serum of ISO-induced rats. MELD also showed anti lipid peroxidative effect and regulated the altered lipid metabolism in the ISO-induced rats. The improvement in the activities of SOD and catalase in the ISO-induced rats showed the antioxidant potentials of MELD. The histological study by infarct size quantification assay and histo-architectural analysis of the myocardium confirmed the cardioprotective effect of MELD at various doses. Our in vitro analysis of antioxidant activity against DPPH free radicals confirmed the scavenging effect of MELD. This could be the possible mechanism of MELD against the ISO-induced pathological events of MI in rats.
